X-ray plasma sources based on microwave discharge in a magnetic trap at low gas pressure, under electron cyclotron resonance (ECR) conditions and its harmonics have been described earlier . Recently experiments performed at the Institute of Applied Physics in Nizhny Novgorod showed that the x-ray flux produced at half-harmonic of the gyrofrequency is five times higher than that produced at ECR, the photon energy being higher. Here an interpretation in terms of non-neutral plasma concepts (Refs 5-10) is proposed.
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In our case a peculiar situation could be produced when high energy electrons which are usually moving at a rather large distance from the system axis, would not have their charge compensated by positive ions and therefore would create on the plasma periphery a non-neutral plasma. The model of the phenomenon could be described as follows : up to the radius R 1 we have an almost fully neutral plasma, while for R > R 1 high energy and low density electrons create a radial electric field because of a nonneutral plasma. The maximum density of such electrons is determined by Brillouin's condition.
At first, we shall demonstrate the phenomenon for the simplest model of a plasma filled column and at the end we shall introduce the formulae for partly non-neutral plasmas and for the layers of plasma described in previous paragraph. So, to demonstrate the phenomenon we shall use the model proposed by Davidson [5, 6] : we consider an infinitely long, unneutralized, constant-density cylindrical column of electrons immersed in a uniform axial magnetic field (Fig.1) . The ions do not compensate the electron charge, we neglect the diamagnetic field and the thermal electron velocities compared with their drift velocities in electric and magnetic fields. The electron density is 
First terms in rhs of Eqs. (2) and (3) . Since the heating is performed at half gyrofrequency, we have to add to the rhs of Eqs. (2), (3) 
In other words, the general solution is the superposition of radius-independent rotations (that The particular solution of the system (4), (5) 
The set of solutions (8) 
Here int R is the internal radius of non-neutral plasma.
If the plasma is partly compensated, or i e n fn = , 
In our case we should take into account both formulae (9) and (10), since in the experiment the plasma is non-neutral (i.e., So, we have shown that that the electron heating by external wave in ECR devices can occur on the half of gyrofrequency in the framework of the model of a non-neutral plasma.
